Costs of resistance are expected to contribute to the maintenance of genetic variation for resistance in natural host populations. In the present study, we experimentally test for genetic trade-offs between parasite resistance and larval competitive ability expressed under varying levels of crowding and temperature. Artificial selection for increased behavioral resistance was applied against an ectoparasitic mite (Macrocheles subbadius) in replicate lines of the fruit fly Drosophila nigrospiracula. We then measured correlated responses to selection in larval competitive ability by contrasting replicate selected and control (unselected) lines in the absence of parasitism. Experiments were conducted under variable environmental conditions: two temperatures and three levels of larval density. Our results reveal a negative genetic correlation between resistance and larval-adult survival under conditions of moderate and severe intra-specific competition. At both low and high temperature, percent emergence was significantly higher among control lines than selected lines. This divergence in larval competitive ability was magnified under high levels of competition, but only at low temperature. Hence, the interaction between selection treatment and larval density was modified by temperature. As predicted, larvae experiencing medium and high levels of competition exhibited an overall reduction in female body size compared to larvae at low levels of competition. Female flies emerging from selected lines were significantly smaller than those females from control lines, but this effect was only significant under conditions of moderate to severe competition. These results provide evidence of environment-dependent trade-offs between ectoparasite resistance and larval competitive ability, a potential mechanism maintaining genetic polymorphism for resistance.
Introduction
Parasites are ubiquitous in nature and can cause significant damage to host fitness (Ewald, 1980 (Ewald, , 1983 Price, 1980) . Natural selection is expected to drive resistance-conferring genes to fixation, reducing additive genetic variation for resistance (Fisher, 1930; Falconer and Mackay, 1996) . Yet, genetic polymorphisms for resistance exist in most natural host populations (Parker, 1991; Henter and Via, 1995; Kraaijeveld et al., 1998) . The cost of resistance hypothesis provides a potential mechanism for the maintenance of this variation (Sheldon and Verhulst, 1996; Gemmill and Read, 1998; Rigby et al., 2002; Brown, 2003; Sandland and Minchella, 2003) . This hypothesis is based on a fundamental assumption underlying life-history theory, that the evolution of fitness traits is constrained by universal trade-offs among them (Reznick et al., 2000; Roff, 2002; Sgrò and Hoffmann, 2004) . Similarly, if resistance-conferring genes damage the expression of other fitness traits, the evolution of resistance in a population may be constrained, thus contributing to the maintenance of genetic polymorphism for parasite resistance (Simms and Rausher, 1987; Simms, 1992; Mitchell-Olds and Bradley, 1996; Gemmill and Read, 1998; Brown, 2003) .
Costs of resistance may be conceptualized as falling into two general categories: the costs associated with actual defense, which require energy and resources to deploy an immune response, and genetic costs associated with the evolution and maintenance of resistance (see review by Rolff and Siva-Jothy, 2003) . Physiological costs of immune system deployment have been demonstrated in a growing number of studies involving vertebrate (Lochmiller and Deerenberg, 2000; Bonneaud et al., 2003; Hanssen et al., 2004) and invertebrate hosts (Ferdig et al., 1993; Fellowes et al., 1999b; Moret and Schmid-Hempel, 2000; Hoang, 2001; Ahmed et al., 2002; Kraaijeveld et al., 2002; Armitage et al., 2003; Jacot et al., 2004; Fedorka and Mousseau, 2007) . Many of these studies have assayed for costs following the activation of the immune system with either a metabolically active or inert parasite. A powerful method of detecting evolutionary costs of resistance, particularly those resulting from antagonistic pleiotropy, involves measuring correlated responses to selection for resistance (Rose, 1984; Partridge and Fowler, 1992; Reznick et al., 2000) . Negative genetic correlations between selection for parasite resistance and other host fitness traits have previously been demonstrated in plants (Bergelson and Purrington, 1996; Mitchell-Olds and Bradley, 1996; Hare et al., 2003; Tian et al., 2003) and animals (Boots and Begon, 1993; Yan et al., 1997; Webster and Woolhouse, 1999; Hurd et al., 2005) . For example, Drosophila melanogaster selected for parasitoid resistance pay a fitness cost in terms of reduced larval survivorship, but only under conditions of moderate to severe competition (Kraaijeveld and Godfray, 1997; Fellowes et al., 1998) .
Most life-history trade-offs are measured under only one set of environmental conditions (see review by Sgrò and Hoffmann, 2004 ). Yet, when genotype-environment interactions are taken into consideration, context-dependent genetic correlations are often detected among lifehistory traits (Service and Rose, 1985; de Jong, 1990; Stearns et al., 1991) . Varying environmental conditions, such as temperature and resource availability, have been shown to generate a change in the direction and/or magnitude of correlations between life-history traits not involving resistance (Service and Rose, 1985; Gebhardt and Stearns, 1988; Reznick et al., 2000; Rigby et al., 2002; Messina and Fry, 2003; Sgrò and Hoffmann, 2004) . Environmental stressors in also modify the expression and magnitude of costs of resistance among plantpathogen associations (see Bazzaz et al., 1987; Bergelson and Purrington, 1996; Sandland and Minchella, 2003) . Similar environment-dependent expression of costs have been detected in animal-parasite systems as well (Kraaijeveld and Godfray, 1997; Fellowes et al., 1998; Lochmiller and Deerenberg, 2000; Moret and Schmid-Hempel, 2000; Hoang, 2001) . For example, Rigby and Jokela (2000) showed that the threat of predation modified the costs of immune defense. Hence, investigating trade-offs under variable, ecologically relevant, environmental conditions is crucial for predicting the importance of costs of resistance in natural host populations.
In addition to environmental variation, different stages of host ontogeny can influence the expression of costs (Kraaijeveld et al., 2002; Sandland and Minchella, 2003) . Previously, we demonstrated that resistance-selected lines experience a significant reduction in female fecundity, and that this effect is temperature-dependent (Luong and Polak, 2007) . In the present study, we test for genetic trade-offs between ectoparasite resistance and larval competitive ability in lines of Drosophila nigrospiracula selected for resistance against an ectoparasitic mite. In this system, resistance is mediated by behavioral forms of defense, in which flies avoid approaching mites with sudden reflex movements, tarsal flicking and bursts of flight (Polak, 2003) . Parasitized females suffer reduced longevity and fecundity (Polak, 1996) , and infested males exhibit decreased body condition and copulatory success (Polak et al., in press; Polak and Markow, 1995) . Given the considerable fitness consequences of parasitism, and hence directional selection for increasing resistance, fly populations, all else being equal, are expected to evolve highest values of resistance against ectoparasitism. However, significant genetic heterogeneity for resistance persists in natural populations (Polak, 2003; Luong and Polak, 2007) .
In the present study, we test for trade-offs between experimentally evolved resistance and other host fitness traits in the absence of parasitism. Using three replicate resistant lines coupled with their respective control, unselected lines, we measured larval competitive ability against a genetic marker strain originally extracted from nature. We predicted that resistance-selected lines would experience compromised larval competitive ability relative to control lines, as well as to the base population from which all the lines were originally derived. Few studies assay costs using replicated selection lines (but see Boots and Begon, 1993; Kraaijeveld and Godfray, 1997; Yan et al., 1997; Fellowes et al., 1998) , and even fewer still provide a baseline comparison between the control lines and the base population.
We also tested the hypothesis that the expression of costs is context-dependent by performing the experiments under two sources of environmental variation. Larval competitive ability was assayed at 251 and 291C, with the latter temperature serving as a form of thermal stress for developing larvae (Gibbs et al., 2003) . Within each temperature regime, competition experiments were performed at three larval densities. Mangan (1982) demonstrated a negative effect of increasing density on D. nigrospiracula mortality, size and larva-pupa development time. We made the specific prediction that the expression of costs will be magnified under conditions of heightened temperature stress and crowding.
Materials and methods

Study system
The facultative, ectoparasitic mite Macrocheles subbadius Berlese (Acari: Macrochelidae) occurs naturally with its host D. nigrospiracula Patterson and Wheeler (Diptera: Drosophilidae) in the necrotic cacti (Carnegiea gigantea) of the Sonoran Desert. Mites attach to the abdomens of adult flies, on which they rely for dispersal and nutrient consumption (Polak, 1996) . The prevalence and intensity of parasitism vary in both space and time, and depend on the extent of the cactus necrosis. Parasitized females experience attenuated longevity and fecundity, and infested males suffer reduced mating success. Further, the extent of the host pathology depends on the intensity of infestation and duration of infestation (Polak and Markow, 1995; Polak, 1996 Polak, , 1998 .
Behavioral forms of defense mediate parasite resistance in this system; flies actively avoid mite attack by engaging in sudden reflex movements and bursts of flight from the substrate when a mite makes contact. Moreover, heritable genetic variation for this behavioral form of resistance has been documented in natural populations. Heritability for resistance was previously estimated to be 0.12-0.15 (Polak, 2003; Luong and Polak, 2007) , demonstrating that additive genetic variation for ectoparasite resistance exists in natural populations.
Base population and mite culture Adult flies (n4250 per sex) were collected in the field at necrotic saguaro cacti (C. gigantea) and used to established laboratory cultures. Flies were first cleared of mites and then mass-cultured at standard laboratory light and temperature conditions (12 h light, 251C/12 h dark, 231C). The flies from which mites were removed were combined with unparasitized hosts to found the base population, and cultured (Polak, 1996) . The base population was mass-cultured for four generations before commencing artificial selection, and thereafter mass-cultured in 8-10 bottles for incorporation into the cost assays; the minimum number of flies that seeded any new generation of the base population was 400.
Mites were harvested from infested flies collected in the field, and reared on artificial media (Polak, 1996) . In order to avoid selection on the parasite, the mites were discarded following use.
Artificial selection and resistance assays The artificial selection protocol followed that of Polak (2003) . Briefly, three resistance-selected lines and three unselected control lines were derived from the base population (described above). For each of the selected lines, 250 adult males were exposed to mites in four infestation chambers. The chambers consisted of mite media and a space excavated within the medium to mimic the internal pockets of a necrotic cactus, where flies and mites naturally interact. After 48 h of exposure, live flies were recovered from the chambers with an aspirator and, under a stereomicroscope, checked for the presence parasitism. For each selected line, males carrying neither mites nor mite-induced scars were used to sire the next generation, along with exactly 75 virgin females. These females were never exposed to mites, and were taken from the same generation and line as the males subject to selection. Control lines were maintained in parallel and with an equal number of males and females as its corresponding selected line. The minimum number of flies used to seed a subsequent generation of any line was 100. Selection was imposed for 14 generations, after which time the lines were masscultured without selection for at least one generation before the cost assays.
Just before commencing the cost assays, we performed resistance assays on both males and female flies to verify significant divergences in resistance between selected and control lines. For each line, 20 flies from each treatment category were simultaneously exposed to mites in an infestation chamber; two chambers were utilized per sex. We distinguished treatment categories (that is, selected vs control) by applying a small clip to the tip of either the left or right wing, alternating sides between treatment categories and across assay chambers. Wing clips were made 24 h before commencing the resistance assay. Once the flies were loaded into the chambers, they were left for 24 h, after which time live flies were removed and checked for the presence of mites and scars, as above. The wing clip status was noted but not decoded until after all the flies were recovered and assessed for infestation; thus, prevalence was scored blind with respect to the categories to which flies belonged. The death of flies was attributed to parasitism; negligible mortality occurs in chambers without mites (Polak, 2003) .
The probability of infestation was analyzed with logistic regression, in which the categorical response variable was whether or not a fly became infested; the former event was specifically modeled. Predictor variables were line (1, 2, 3), selection treatment (selected, control), sex and infestation chamber (4 per line). The term 'estimate' refers to the estimated coefficient, or slope, for a particular predictor in the model. The prevalence of infestation for each treatment category was also calculated as the proportion of selected or control flies parasitized per chamber, respectively. These data were analyzed in a mixed-model analysis of variance (ANOVA): selection treatment and sex were fixed factors, whereas line and chamber (nested within line) were treated as random factors. Data were arcsine(sqrt)-transformed, transformed to achieve normality and homogeneity of variance; back-transformed means [(sin x) 2 ] are reported for ease of interpretation; standard errors were calculated from untransformed data.
Larval competitive ability
Before commencing the cost assays, each line was masscultured in the absence of selection, in four bottles containing 25 flies per sex. Flies from resistance-selected and unselected-control lines, as well as from the base population were simultaneously assayed for larval competitive ability. By including the latter category, we were able to test for any difference between the base and control lines. This baseline check provides a means of evaluating whether differential inbreeding depression may be playing a role in the expression of any fitness costs, or whether larval competitive ability evolved in the control lines during the course of the experiment, for example, by random genetic drift; either of these factors can confound interpretation of any observed differences between selected and control lines (Luong and Polak, 2007) .
We tested for a correlated response in larval competitive ability resulting from direct selection for increased ectoparasite resistance by contrasting the larval-adult survivorship of the experimental (selected, control, base) groups at three different levels of competition. Eighty males and 80 females (8-9 days post-eclosion) were placed into half-pint milk bottles containing standard medium (see above). Adult flies were removed the following day, so the maximum difference in larval age never exceeded 24 h. Bottles were maintained at standard rearing conditions (see above), and from which early third-instar larvae (D. nigrospiracula have four larval instars) were harvested. The experiment was conducted at two temperature regimes and three larval density levels, representing low, medium and high levels of competition. Experimental lines were competed against genetically marked 'tester' flies (Santos et al., 1992) , a vermillion-eye adult phenotype (caused by an autosomal recessive allele) isolated from natural populations. For the low-density treatment, 20 larvae from the experimental line were placed in food vials with 20 larvae from the tester stock. The latter serves as a source of background competition against the experimental lines. Medium and high-density vials were seeded with 40:40 and 80:80 experimental and tester larvae, respectively. Comparable density levels have been shown to generate negative effects on survival, body size and developmental time in D. nigrospiracula (Fellows and Heed, 1972; Mangan, 1982) . Each treatment Â temperature Â density combination was replicated across two vials. All vials had the same amount of food medium, consisting of 0.9 g mashed potatoes, 0.25 g Drosophila instant, 5 ml of water, 10-15 mg active dry yeast and 1-2 drops of autoclaved cactus juice. Experimental vials were randomly assigned to either a low or high-temperature regime, 251C light/ 231C dark and 291C light/271C dark, respectively. When fourth stage larval instars began migrating up the vials in search of pupation sites, the cotton stoppers were temporarily replaced with perforated aluminum foil to preclude larvae from burrowing into the cotton and dying; once pupation was complete, we resumed using cotton stoppers. This experiment was replicated over time in three blocks. We recorded the number of experimental and tester adult flies that emerged daily until all flies emerged, and measured female thorax length as an estimate of body size (block 2 only).
Survival data (proportion of selected, control or base flies emerging from the total number of experimental larvae seeded) were analyzed with a mixed-model ANOVA; block, selection treatment, temperature and density were entered as fixed factors, and line and vial (nested within line) as random factors. A low-density treatment was not performed in the first block, so it was treated as missing data in the analysis. The data were arcsine(sqrt)-transformed to satisfy the assumptions of ANOVA; means were back-transformed to the original scale for interpretability. The three-way interaction between selection, temperature and density (see Results) was further examined for each temperature and density level; whereby the data were sorted by temperature and density, and the simple effects of selection at each temperature by density treatment combination were analyzed with separate ANOVAs (Winer, 1971; Sokal and Rohlf, 1995) .
Data on female size were analyzed in a mixed-model ANOVA similar to survivorship, but did not require transformation. In a separate analysis, differences (selected vs control) in body size at each of the three levels of competition were examined. The data were first sorted by larval density, then the simple effect of selection on thorax length was computed with an lsmean statement by specifying a slice ¼ density option; generating separate ANOVAs at each density level. All statistical analyses were performed in SAS (2002).
Results
Response to selection
Logistic regression analysis showed a significantly lower probability of infestation among the selected lines after 14 generations of selection (estimate: À0.89, 0.25 s.e., w 2 ¼ 12.8, P ¼ 0.0003). The interaction terms for selection treatment Â sex (w 2 ¼ 0.17, P ¼ 0.68), and selection treatment Â line (w 2 ¼ 1.09, P ¼ 0.58) were non-significant. The results of ANOVA were similar: the mean prevalence of infestation was significantly lower among selected lines compared to control lines (Figure 1 ). This difference in ectoparasite susceptibility was significant (F 1, 13 ¼ 32.7, Po0.0001), but the line (F 2, 13 ¼ 1.08, P ¼ 0.37) and treatment by line interaction were not (F 2, 13 ¼ 0.61, P ¼ 0.56). The prevalence of infestation was significantly lower among selected lines (mean7s.e. ¼ 26.373.18%) compared to the control lines (52.073.18%). Differences in prevalence were comparable across all three replicate lines (control-selected: line 1 ¼ 23.3%, line 2 ¼ 33.2%, line 3 ¼ 38.3%).
Competitive ability
We tested for correlated response to selection in larval competitive ability by contrasting selected, control and base flies under three different levels of competition against a tester strain (Figure 2 ). The effects of selection, temperature and line were significant (Table 1) . In general, larval-adult survivorship was higher at 251C (mean7s.e. ¼ 76.371.36%) compared to 291C (51.171.36%), and a greater proportion of flies emerged from the control lines (72.572.56%) than from selected lines (55.472.56%, post hoc Tukey's test, Po0.0001); the former was comparable to the base population (Tukey's test, P ¼ 0.66).
Although the overall effect of the density treatment was not significant, a significant three-way interaction was detected between selection, density and temperature (Table 1 ). An analysis of the simple effect of selection by temperature and density (Table 2) showed that under low-larval density, there was no significant difference in survival between the selected and control lines, at either temperature. Differences in competitive ability were detected at levels of moderate and severe competition. At 251C and medium levels of larval density, selected lines exhibited a significant reduction in survivorship compared to that of control lines; and at high-larval density, the difference in emergence rates between selected and control lines were magnified (Figure 2a) . At 291C, control lines performed better than selected lines; this degree of divergence was significant at moderate and high levels of competition (Figure 2b) . At low-larval density (291C), there was an overall drop in percent emergence, relative to the low-temperature regime. This is most likely a consequence of temperature-mediated mortality; that is, when larval densities are too low (for example, o20) and there is insufficient feeding activity to turn up the media, the mortality rate becomes exasperated. Overall, these results suggest that the interaction between selection and larval density is modified by temperature. As expected, the percent emergence was not significantly different between any of the three control lines and the base stock (Post hoc Dunnett's test, a-level ¼ 0.05). Costs of resistance and larval competitive ability
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An analysis on female body size revealed significant effects of temperature (F 1, 87 ¼ 144.3, Po0.0001) and selection Â line (F 4, 53 ¼ 3.22, P ¼ 0.02), but none of the other interaction terms were significant. The thorax length (mm) for females that enclosed at 251C (mean7s.e. ¼ 1.41470.003) was generally greater than that of females emerging at 291C (1.36170.003). The size of flies emerging under conditions of low competition (1.41270.004) was greater than that of flies emerging at moderate (1.38470.004) or high (1.36770.004) levels of competition (F 2, 87 ¼ 36.3, Po0.0001). Moreover, selection for resistance had a negative effect on average female body size (F 2, 87 ¼ 6.59, P ¼ 0.002): resistance-selected flies (1.37670.004) were on average smaller than control flies (1.39470.004; Tukey's test, P ¼ 0.004). Females from each of the control lines were comparable in size to the females assayed from the base population (Dunnett's test, a-level ¼ 0.05). A separate analysis of the simple effect (Table 3) of selection by density revealed that selected lines maintained under conditions of low-larval crowding did not differ in body size from the control lines; but at moderate levels of competition selected flies were significantly smaller compared to control flies. This difference was more apparent under conditions of severe competition (Figure 3) . The combined effect of selection and competition on body size is consistent with the results on survivorship.
Discussion
The results show a negative genetic correlation between ectoparasite resistance and larval competitive ability. At both temperatures, low levels of competition were insufficient to generate significant differences in survival between control and selected lines. At moderate levels of Figure 2 Larval-adult survivorship results from the larval competition experiments conducted at (a) 251C and (b) 291C. At both temperatures, low-larval densities were insufficient to generate a difference in larval competitive ability. At moderate and severe levels of competition, there was a significant divergence in survival between the control and selected lines. Error bars represent7 standard error. Asterisks indicate significant differences between control and selected lines. Costs of resistance and larval competitive ability LT Luong and M Polak competition, selected lines suffered a significant reduction in larval-adult survivorship. The difference in survival between control and selected lines was magnified nearly twofold under conditions of severe competition, but only at low temperature. Differences in larval competitive ability were also manifested through female body size, such that flies emerging from the selected lines were significantly smaller than flies from the control lines. These findings are consistent with the survivorship results above, in that significant differences in body size were detected only under conditions of moderate and severe competition. Decreased body size can have potentially deleterious effects on host lifespan, dispersal capabilities, male mating success, female fecundity and desiccation tolerance (Roff, 1977; Mangan, 1982; Heed and Mangan, 1986; Polak, 1998; Gibbs et al., 2003) . Indeed, larval competition for food has been shown to have significant fitness consequences in natural Drosophila populations (Atkinson, 1979; Mangan, 1982; Santos et al., 1999) . The correlated response to selection for resistance on survivorship and body size is evidence of a genetic trade-off between ectoparasite resistance and larval competitive ability.
Our results also support the hypothesis that the expression and magnitude of trade-offs are contextdependent, and that costs are most likely to be detected under stressful conditions. The interaction between selection and larval density was modified by temperature, as reflected by the significant three-way interaction between these three factors. In the field, temperatures outside and inside cactus rot pockets fluctuate seasonally and daily (Gibbs et al., 2003) , so adult and larval stages experience pronounced variation in temperature at different times of the year and day. Thus, the complex interaction we detected here may be operating in the fly's natural environment. Additionally, larval densities can vary and potentially reach high levels in natural rot pockets (Fellows and Heed, 1972; Mangan, 1982) . Although exact estimates of larval densities are not available for natural populations of D. nigrospiracula, Breitmeyer and Markow (1998) reported a mean population size of 512371713 s.e. adult flies at a single necrosis (n ¼ 18 rots, sampled during the Fall, Winter and Spring months); such values are likely to translate into highlarval densities. Furthermore, population sizes vary depending on the size and duration of necroses that differ temporally and spatially (Breitmeyer and Markow, 1998) . Hence, D. nigrospiracula larvae may experience variable levels of competition over time and space. By measuring costs in two different types of environmental variation (temperature and larval density), we were able to assess the complex interactions between multiple environmental conditions. Our findings highlight the importance of measuring trade-offs in variable environments, as this variation clearly may affect the magnitude of the correlation between traits (and see Sgrò and Hoffmann, 2004) . Raymond et al. (2005) showed that diamondback moths (Plutella xylostella) resistant to the Bacillus thuringiensis toxin Cry1Ac had reduced survival at highlarval densities. Antagonistic trade-offs between immune defense and larval competitive ability were also demonstrated in replicate lines of D. melanogaster selected for resistance against parasitoids (Kraaijeveld and Godfray, 1997; Fellowes et al., 1998) . In these systems, the primary defense against parasitoid attack is an internal, cellular encapsulation response. In contrast, our study focuses on an external form of defense that is behaviorally mediated. By choosing only flies that were free of mites and feeding scars to seed the next generation, we selected for traits that enhanced mite avoidance during the pre-attachment period. Another distinction between our study and the previously cited studies is that we tested for trade-offs at two different temperatures, an additional source of variation that evidently modulates the expression of costs in the Drosophila-Macrocheles system (also see Luong and Polak, 2007) .
There are several possible explanations underlying the trade-off between selection for increased resistance and larval competitive ability. Selected lines may be less tolerant to the build-up of waste products due to crowding, that is, lines selected for increased ectoparasite resistance in this study might suffer also from a lower tolerance to toxins. However, the decline in body size observed among selected lines in our study suggests that resistant flies are less able to consume and/or assimilate food as efficiently as control flies. Kraaijeveld et al. (2001) suggested that the differences in larval competitive ability between resistance-selected and unselected D. melanogaster may be a result of an overall shift in general energy investment from trophic function to immune function. Since larval access to food is often dependent on scramble or exploitive competition, feeding rate may be an important determinant of larval competitive ability (Burnet et al., 1977; Joshi and Mueller, 1988) . Indeed, Fellowes et al. (1999a) found that diminished larval competitive ability among resistant D. melanogaster was associated with lower feeding rates. More work is needed to determine whether similar mechanism(s) are mediating the trade-off between resistance and larval competitive ability in the Drosophila-Macrocheles system.
The negative genetic correlation detected between resistance and larval competitive ability is due to either antagonistic pleiotropy or linkage disequilibrium (Crow and Kimura, 1970; Parker, 1991) . The former occurs when resistance-conferring gene(s) interfere with the expression of other fitness traits (Williams, 1957; Antonovics and Thrall, 1994; Mitchell-Olds and Bradley, 1996; Partridge, 2001) . Alternatively, selection on resistanceconferring genes may result in the 'hitch-hiking' of deleterious genes(s) in linkage disequilibrium (Williams, 1957; Antonovics and Thrall, 1994; Partridge, 2001 ). We do not think genetic hitch-hiking is an important factor here because our selection lines were derived from a large outbreeding population, and the correlated decline in larval-adult survivorship was consistent across all three independent replicate lines. Further, the decrease in competitive ability is unlikely a result of differential inbreeding effects between selected and control lines. Efforts were taken to minimize differences in inbreeding depression by maintaining a paired control line in parallel with each of the selected lines, using exactly the same numbers of reproductive males and females each generation for a given pair of lines. Additional evidence that inbreeding depression played a negligible role in our study is the consistent lack of difference in survivorship between the base and control lines (also see Luong and Polak, 2007) . This result also indicates that the observed divergence between the selected and control lines is not confounded by inadvertent selection on larval competitive ability among the control lines. Therefore, the negative genetic correlation detected in our study is most likely a consequence of antagonistic pleiotropy of genes influencing ectoparasite resistance and larval competitive ability.
We experimentally demonstrated an evolutionary cost of resistance in the form of reduced survival under conditions of moderate and severe intra-specific competition. These costs combined with the fecundity costs detected in a previous study (Luong and Polak, 2007) provide strong evidence for genetic trade-offs between resistance and other host fitness traits, in the absence of parasitism. Evolutionary trajectories predicted from genetic correlations are likely to depend on the conditions experienced by flies from one generation to the next. In addition to fluctuations in temperature and larval density, the selection pressure of parasitism can also vary temporally and spatially in the field depending on the age of the cactus necrosis (Polak and Markow, 1995) . Hence, the rate and direction of the evolution of resistance will depend on the intensity of the selection pressure imposed by parasites and the magnitude of the fitness costs associated with resistance, which we have shown can interact in a complex fashion with ecologically relevant environmental variation.
